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Speculation
Defective chemical regulation of breathing in infants at risk of sudden infant death syndrome is not shared by their parents. This suggests that environmental influences, perhaps in utero, are responsible for this defect.
Evidence has slowly accrued in the literature suggesting that sudden infant death syndrome (SIDS) may, in some cases, be associated with abnormal control of ventilation. Prolonged apnea has been seen before death in some subjects (10, 22, 24). Near fatal chronic sleep hypoventilation from severe (8,21) to mild (20) has been documented in other subjects who lacked an appropriate ventilatory response to carbon dioxide breathing. Periodic breathing resembling Cheyne-Stokes respiration has been found in a higher than normal percentage of sleep time in these infants (1 1). A reduced ventilatory response to hypoxia has also been documented by others (2). Among the 11 infants with prolonged sleep apnea and chronic hypoventilation previously reported (20), four were in families who previously or subsequently had one or more infants with a similar syndrome. Familial sleep apnea syndrome has been associated with sudden death in both adults and infants (25). Genetic influences on breathing control have been reported in the past in endurance athletes (19), twins (2, 7), and subjects with idopathic hypoventilation (12). Causes of hypoventilation and hypoxia, distinct from effects, have thus far eluded description. Two recent reports present data that support opposing conclusions regarding genetic influences on ventilatory control in
MATERIALS AND METHODS

SUBJECTS
Two groups of subjects were chosen. The first group consisted of eight sets of parents, each of whom had previously had one infant who suffered from the "near-miss" syndrome, and each infant had been documented to have reduced ventilatory response to carbon dioxide breathing and an elevated alveolar Pco2 measured during quiet sleep. These infants were drawn from the original study which had documented this response (20). In each infant, the ventilatory response to CO2 was more than 2 S.D. below the mean normal level measured in quiet sleep. It might be questioned whether these infants who sustained near-death episodes represent those whose diagnosis of SIDS is made at autopsy. We believe that they do represent one cause of SIDS because three of those in our original study died and were classified SIDS at autopsy because they lacked an apparent explanation for death (22). In addition, on careful morphometric analysis of the lung we found that they shared muscular hyperplasia of small pulmonary arteries (23) with other infants who died of SIDS (14, 28).
The parents were selected only on the grounds of their availability for the study. The second, a control group of 11 males and 1 I females, was matched with the parents for age and sex. Informed consent was obtained according to the guidelines of the Human Studies Committee, Massachusetts General Hospital. Heights and weights were comparable for males and females (Table I) . None of the 12 children born to control subjects died of SIDS.
All subjects carried out the same procedure at the same time of day seated and awake. Their last meal was at least 3 hr before the study began; they had not abstained from coffee, tea, or cigarettes except for this 3-hr period. Among parents of near-miss infants, there were five who smoked more than one pack per day; three of these were females. Among controls, two smoked more than one pack per day, and one female smoked less than one pack per day. One female parent of a near-miss infant admitted to taking one diazepam the day before study; one male control took dramamine the day before study (Table 2) .
We measured vital capacity, forced expiratory volume (1.0), peak expiratory flow, maximum midexpiratory flow, and flow at 25% of vital capacity from the subject's best effort during three flow volume determinations using a wedge spirometer. We then measured a single ventilatory response to Con by having the subject rebreath from a 5-liter bag of 5% CO2 in 95% O2 (16). One ' Mean (range). hr later, we measured a single ventilatory response to hypoxia using a rebreathing technique in which subjects began by breathing a mixture of 21% O2 and 5% C02 from a 6-liter bag. The Po? was monitored continuously by drawing 200 ml/min of expired gas through an 0 2 and CO2 analyzer (Beckman Instruments, Fullerton, CA). The end-tidal Pco2 was maintained at each individual's arterial Pco2 by varying the flow of expired gas through a carbon dioxide absorber in a circuit parallel to the flow of expired gas. Arterial Pco2 was estimated by subtracting 6 mm Hg from the mixed venous Pco2 measured by the Collier and Campbell rebreathing technique. The response to carbon dioxide breathing was expressed as the slope of the relationship between the change in minute ventilation and the change in alveolar P C O~ over the range between mixed venous P C O~ and an arbitrary end point of 60 mm Hg. The slope of the response is linear using this technique. The response to hypoxia was expressed as expired ventilation/liter/(Pao2-32 mm Hg) (17) where the usual hyperbolic response of minute ventilation to hypoxia is transformed into a linear function by taking the reciprocal value of the hypoxic stimulus. We chose the value for VE corresponding to Pao2 40 mm Hg in each subject; this usually occurred after 4 to 5 min. Data were sampled on line, digitized, and analyzed by computer to avoid bias. For both the ventilatory response to hypercapnia and to hypoxia, we chose to compare the means of single responses per subject as values representative of each group's response rather than multiple responses per subject which better reflect an individual's response (1). Measured values were divided by surface area and by vital capacity to permit better intergroup comparisons. The significance of differences between groups means was determined by Student's one-tailed t test.
RESULTS
There were no significant differences in vital capacity, forced expiratory volume 1.0, and other indices of air flow obstruction in fathers and mothers of near-miss infants and their respective controls (Table 3) .
During C 0 2 rebreathing (Table 4) infants increased 86 compared to 101 l i t e r / m i n / x (not mm He significant). Thus, we found no group differences in either muothers or fathers of near-miss SIDS infants compared to age-and sexmatched controls. In one family, there were three near-miss infants, two of whom subsequently died of SIDS. In two of these infants, the ventilatory response to COz was below 2 S.D. of the mean for normal infants. The ventilatory responses of both parents to both hypercapnia and hypoxia were high in the normal range. (9) and around other brain stem nuclei involved in mediation of cardiorespiratory control. These data and those from several other laboratories support the conclusion that many SIDS infants die of a defect in regulation of the respiratory and cardiovascular systems.
Although the index child in each family had a documented low response to C 0 2 breathing, this response was normal in both parents. Unfortunately, hypoxic responses were not measured at the time these near-miss infants were studied. However, we have subsequently identified marked attenuation of both the hypoxic response and the hypercapnic response in other infants with severe sleep hypoventilation (8) that may also cause sudden death. It is likely that repeated hypoxia during hypoventilation leads to brain stem gliosis as identified by Naeye (13) and by Takashima et al. (26) in several groups of infants with repeated hypoxia. This secondary defect might then promote a positive feedback loop in which hypoxia begets further hypoxia. Alternatively, the findings could be explained by a defect in central integration of chemoreceptor afferents. Chronic hypoxemia, occurring in children with cyanotic congenital heart disease (4) and in normal man at high altitude (27), is also associated with somewhat depressed hypercapnic ventilatory drive as well as reduced hypoxic drive and a similar degree ofbrain stem gliosis (26).
There are several familial situations in which the ventilatory responses to hypoxia and hypercapnia are abnormal: otherwise normal family members of patients with unexplained hypoventilation (12) as well as athletes (3, 19) and their nonathletic family members (19). Also, a correlation of the hypoxic responses has been demonstrated in identical but not in nonidentical twins (6, 29). However, our data do not suggest that defective chemoreceptor control of breathing is aggregated in families of infants at risk of SIDS.
To circumvent confounded results due to multiple causes of near-miss SIDS, we selected only parents of infants whose ventilatory responses to C02 breathing were blunted. Thus, our data and those of others may not represent entirely comparable groups of subjects. Nevertheless, the slopes of ventilatory responses to C 0 2 breathing in both our controls and near-miss parents are similar to those of Zwillich et al. (30) when all data are expressed in the same units (Table 5) . However, the slopes of hypoxic ventilatory responses differ; the mean value in our controls is higher than their controls and, in fact, is close to the value in their near-miss parents. These differences may reflect variations in subject selection or in methodology. Although their determination of isocapnic responses should have yielded a systematic increase
